Motivation: Mass spectrometric protein quantitation has emerged as a high-throughput tool to yield large amounts of data on peptide and protein abundances. Currently, differential abundance data can be calculated from peptide intensity ratios by several automated quantitation software packages available. There is, however, still a great need for additional processing to validate and refine the quantitation results. Here, we present a software tool, termed StatQuant, that offers a set of statistical tools to process, filter, compare and represent data from several quantitative proteomics software packages such as MSQuant. StatQuant offers the researcher post-processing methods to achieve improved confidence on the obtained protein ratios. Availability: StatQuant can be downloaded from: https://gforge. nbic.nl/projects/statquant/ (binary and source code).
INTRODUCTION
Mass spectrometric protein quantification has become a powerful tool to determine differences in protein abundances between proteomes. Such data allows the identification of those proteins that play a role in, for example, cancer development, responses to stimuli and cell signaling cascades. Typically, samples containing proteins or digested proteins are labeled with stable isotopes and subsequently mixed with an equal amount of unlabeled or differentially labeled (control) sample(s). In case of intact proteins the samples are first digested before mass spectrometric analysis. The mixture is then separated by nanoliter flow liquid chromatography and tandem mass spectrometric analysis (LC-MS/MS). Typically, isotopomers of peptides will co-elute from the LC column and thus simultaneously appear in the mass spectra. Based on their differences in mass they can be differentiated and quantified on their relative intensities. Peptides can subsequently be identified using mass spectrometric peptide * To whom correspondence should be addressed.
sequencing and assigned to their corresponding proteins. Following mass spectrometric analysis, a variety of dedicated software tools can be used to calculate protein abundances. Usually, such software reads the raw mass spectrometer data which it combines with peptide identifications to calculate the abundance for each peptide. Proteins are commonly identified with confidence by two or more peptides. Therefore, a protein ratio will be the average of its peptide ratios. As a consequence, variation in peptide ratios results in a protein ratio with a particular SD. Typically, the software outputs a table of protein identifications; its associated peptides; and the relative abundance ratios. In successive rounds of analysis this data is used for quality control and in-depth analysis. Often this part is performed manually using a spreadsheet. In general, protein ratio values as derived from these tools are verified in follow-up experiments before the conclusions about the significantly up-or downregulated proteins are drawn.
In order to address the lack of proper post-analysis tools and to provide the user with an easy to use graphical user interface, we developed a software tool in the Java programming language (using JAVA version 1.6 or higher) named StatQuant. StatQuant provides methods for data normalization, cross-experiment comparison, outlier detection, data visualization and significance testing (P-values). P-values are calculated using the protein abundance ratios and their SD of its associated peptide ratios using one sample t-tests. This provides the user with an additional tool to assess the reliability or confidence on the obtained protein ratios.
FEATURES
StatQuant reads data from protein quantitation software. In generic mode, StatQuant requires simple TAB delimited data with only few required columns, including protein ID, peptide sequence, signal (or intensity) 1 and signal 2. Furthermore a dedicated importer for MSQuant (Andersen et al., 2003; Schulze and Mann, 2004 ) results has been implemented.
Upon importing quantitation data several options are provided, for example, to combine multiple data files that are part of the same experiment. The user can choose to present the data in a peptide or protein-centric view (Supplementary Fig. 1A ). Imported data are StatQuant represented in two tables in the main view ( Supplementary Fig. 1B ). The top table presents an overview of all features, which are, depending on the selected view; either proteins or peptides; the amount of peptides associated to that feature; ratios both in normal and 2 Log scale; SD of the feature ratio; the corresponding P-value; and a Q-value. The bottom table presents detailed information on the feature including: the peptides and their modifications (PTMs); search engine scores; signal or intensity values and their ratios. The bottom panel also allows the user to select peptides and disqualify them for further analysis.
StatQuant offers the possibility for normalization based on the median intensity, a selected group of features or on a user-defined value. The effect on the distribution of the ratios is visualized through graphs, that on the X-axis present the 2 Log ratio (M) and on the Y -axis show the average (A) 2 Log intensity of both signals (MA plots) (Supplementary Fig. 1C) .
Stable isotope labeling with amino acids in cell culture (SILAC) is a common method to generate samples for quantitative proteomics (Ong et al., 2002 (Ong et al., , 2003a . SILAC experiments may be hampered by the in-cell conversion of Arg to Pro impeding accurate quantitation (Hwang et al., 2006) . To accommodate this problem StatQuant can modify the experimentally derived, Pro containing, peptide ratios based on a precalculated conversion rate which can be experimentally determined (Ong et al., 2003b; Van Hoof et al., 2007) . A binomial distribution is then used to calculate the conversion rate for all other peptides containing one or more Pro residues, which improves quantitation significantly (Gruhler et al., 2005;  Supplementary Fig. 1D ).
On top of the data processing tools StatQuant contains a series of filter steps to refine the data and to increase the confidence of the obtained ratios. Outlier detection is performed by applying the Z-score algorithm, which automatically unselects all peptides that have a ratio outside the 2 SDs interval of the feature ratio. Outliers are not always that obvious and do not always originate from experimental error. For example, proteins can be expressed in multiple isoforms or variants. As a result it is possible that multiple proteins share identical peptide sequences. To address that problem, StatQuant has a method to check for 'peptide uniqueness', which searches all peptides against a sequence database to determine if this peptide is unique to a single entry. StatQuant offers multiple export functions. It can export all visible tables in tabular format, but can also produce a comparison of multiple experiments, where only the overlapping proteins are presented (Supplementary Fig. 1E ).
DISCUSSION
Most protein quantitation software packages provide the user with ratio data only, which often needs manual post-processing to ascertain the data and obtain values for its reliability and/or significance. Here, we present a versatile tool that can be generally used for post-processing of quantitative proteomics data, termed StatQuant. The graphical user interface offers options for data normalization, filtering, comparison and representation. StatQuant was written such that it can accommodate data from different protein quantitation software packages. Processed data from multiple experiments can be compared, processed and exported.
StatQuant has already been successfully implemented to process and filter large datasets, aiding the refinement of data such that only reliable protein ratios were reported (Boersema et al., 2008; Raijmakers et al., 2008) .
